We previously observed 80.7% seropositivity and a significant interaction between gender and hepatitis A virus (HAV) vaccine type (Havrix vs. Epaxal) on the seropositivity approximately 11 months after single-dose HAV vaccinations in Korean young adults. Our objective was to evaluate seropositivity approximately 2 years after a single-dose HAV vaccination and the influence of demographic characteristics on seropositivity, including the interaction between gender and vaccine type. Seronegative medical school students were randomly vaccinated with Havrix or Epaxal. Based on a total serum anti-HAV antibody titer cutoff of 20 IU/mL, 338 participants (76.0%) of the 445 vaccinees were seropositive 20-25 months after a single-dose HAV vaccination. The seropositive rates were similar after vaccination with Havrix (77.0%) and Epaxal (74.9%). Univariate analysis indicated that female (p = 0.052) and less obese (p < 0.001) participants had a higher seropositive rate, whereas other characteristics such as age, alcohol use, smoking history, vaccine type, and follow-up duration were not associated with seropositivity. Multivariate analysis indicated that women (p = 0.026) and participants with moderate alcohol use (p < 0.001) showed significantly higher seropositive rates than men and participants with no or low alcohol use, respectively. The seropositive rates after vaccination with Havrix and Epaxal were 70.9% and 67.5% in men and 87.7% and 91.3% in women, respectively (p for interaction = 0.304). Compared with the seropositive rate approximately 11 months after vaccination, the seropositive rate decreased substantially only in men in the Havrix group (11.0% points), and consequently, the interaction between gender and vaccine type disappeared while seropositivity remained high (87.7% and 91.3% in Havrix and Epaxal groups, respectively) among women approximately 2 years after vaccination. Further studies are needed to assess whether the PLOS ONE |
Introduction
Although hepatitis A virus (HAV) infection is recognized as a vaccine-preventable disease, the introduction of a national hepatitis A immunization program faces several barriers including high vaccine prices and complex vaccination schedules [1] . Therefore, evidence of long-term immunity after a single-dose vaccination against HAV is necessary. However, previous studies have reported various results, ranging from 44.4% to 97.8% approximately 2 years after a single-dose HAV vaccination in adults. Furthermore, the ranges of follow-up duration after the vaccination of each study were so wide that there is a lack of information about the seropositivity at the time point of 2 years after the vaccination, and the effects of demographic characteristics other than gender have not been evaluated in most previous studies.
In our previous study, we found that immunogenicity differed according to the vaccine type only among men (81.9% vs. 69.2% in the Havrix and Epaxal groups, respectively), whereas the immunogenicity of both vaccines was similarly high among women (90.1% vs. 92.9% in the Havrix and Epaxal groups, respectively) [2] . This gender-vaccine type interaction has a clinical significance because if Epaxal consistently shows lower immunogenicity particularly in men, Havrix rather than Epaxal should be administered to men. It is also important to assess whether the high level of seropositivity will be maintained in women beyond 2 years, because if so, a single-dose strategy can be considered for a national HAV vaccination program in women.
We performed this study to evaluate seropositivity approximately 2 years after a single-dose HAV vaccination and the influence of demographic characteristics on seropositivity, including the interaction between gender and vaccine type observed in our previous study.
Materials and Methods
Similar to our previous study [2] , the current study was executed in the following eight medical schools located throughout the country: Eulji University, Kwandong University, Inje University, Konyang University, Keimyung University, Yonsei Wonju University, Soonchunhyang University, and Wonkwang University. Participants were enrolled and vaccinated from November 4, 2010 to April 7, 2011, and they were followed up from November 16, 2012 to December 14, 2012 . The protocols of the study, including questionnaires were approved by the Institutional Review Board (IRB) of Eulji University (approval number: 10-69). Additionally, the IRBs of three medical schools reviewed and approved the study protocols (the approval numbers for Inje University, Keimyung University, and Yonsei Wonju University were 10-178, 10-155, and 2010-49, respectively). All IRBs had approved the study protocols before enrollment of participants began, and written informed consent was obtained from adult participants (n = 454) and the parents of participants under age 19 (n = 128).
Study Group
Among the target population of 726 freshman or sophomore students from eight medical schools, 582 (80.2%) agreed to participate in this study. Their HAV seropositivity was tested using immunoassays, and they were asked to complete a questionnaire about demographic characteristics, weight and height, and previous vaccination history.
After excluding participants with previous HAV vaccination history or with HAV seropositivity, 483 participants were randomly allocated to be vaccinated with a single dose of either Havrix or Epaxal.
Among the 483 vaccinees, 450 participants (93.2%) could be monitored for approximately 2 years after vaccination. After excluding five participants who were individually vaccinated with a second dose, 445 participants (92.1%) were finally included in the data analysis. The 38 participants (7.9%) who dropped out or were excluded from the final analysis included 17 and 21 students vaccinated with Havrix and Epaxal, respectively. Their mean age was 19.6 (range 18-23) years. In addition, the female to male ratio (0.14) in this group was lower than that in the 445 participants included in the data analysis (0.51).
Measuring Data
Serum anti-HAV antibody titers were measured by chemiluminescence using an immunoassay instrument (ADVIA Centaur; Siemens, Munich, Germany) [2] . Because the immunoassay equipment was set with 20 IU/mL as a cutoff value, we applied a cutoff of 20 IU/mL for total serum anti-HAV antibody titers for the assessment of HAV seropositivity. We considered an anti-HAV antibody titer of IU/mL as seropositive.
Obesity status was defined using body mass index (BMI) according to the guidelines of the International Obesity Task Force for Asian adults, as follows (in kg/m 2 ): underweight, BMI <18.5; normal weight, BMI 18.5 and <23; overweight, BMI 23 and <25; and obese, BMI 25 [3] . Alcohol use was defined using the Korean version of the Alcohol Use Disorders Identification Test score (AUDIT-K) according to the guidelines of the World Health Organization, as follows: low, score of 0-7; medium, score of 8-15; high, score of 16-19; and very high, score of 20-40 [4, 5] .
Statistical Analysis
Seropositive rates across the subgroups were compared using the chi-square test, and trends across subgroups were analyzed using the linear by linear test. Logistic regression was used for multivariable analysis. All statistical analyses were performed using SPSS version 21 (IBM, Chicago, IL, USA).
Results
Of the 445 vaccinees, 338 participants (76.0%) were seropositive 20-25 months after a singledose vaccination against HAV. Similar seropositive rates were observed after vaccination with Havrix (77.0%) and Epaxal (74.9%). In univariate analysis, female and less obese participants showed higher HAV seropositive rates, whereas other characteristics such as age, alcohol use, smoking history, vaccine type, and follow-up duration were not associated with seropositivity (Table 1) .
In the multivariable analysis using a multiple logistic regression model, women and those categorized as medium alcohol use showed significantly higher seropositive rates compared with men and the groups with no or low alcohol use (Table 2) .
We examined whether the effects of HAV vaccine type on seropositivity were different between men and women. The two vaccines yielded similar seropositive rates among male and female participants: 70.9% and 67.5% in men, and 87.7% and 91.3% in women, approximately 2 years after vaccination with Havrix and Epaxal, respectively (p for interaction = 0.304). In addition, the seropositive rate decreased substantially only in men vaccinated with Havrix (11.0% point) but decreased only <3% in men vaccinated with Epaxal and women vaccinated with Havrix or Epaxal from approximately 11 months to 2 years after vaccination (Fig 1) .
Discussion
Using a total serum anti-HAV antibody titer cut-off value of 20 IU/mL, the seropositive rate among young adults in this study was 77.0% and 74.9% approximately 2 years after a singledose vaccination with Havrix and Epaxal, respectively.
Few studies have evaluated the seropositive rate approximately 2 years after a single-dose vaccination against HAV. In previous studies that included only adult participants and used 20 IU/mL as the cutoff value, the seropositive rates were 44.4%, 67.0%, and 97.8% at 9-29, 18-29, and 36 months after a single-dose vaccination against HAV, respectively [6] [7] [8] . These differences can be explained by the distinct gender ratios among the study participants. The female to male ratios were 1.41 and 1.17 in the studies that showed seropositivity rates of 97.8% and 67.0% 36 and 18-29 months after a single dose of HAV vaccination, respectively. From this perspective, our results (female to male ratio of 0.51 and seropositive rate of 76.0% 20-25 months after vaccination) were consistent with those of previous studies. If the gender ratio were 1.0, the seropositive rate would increase to 79.4%. The comparison of the seropositivity approximately 2 years after a single-dose vaccination with Havrix and Epaxal indicates that the crude seropositive rates were 77.0% and 74.9%, respectively, whereas the gender-adjusted seropositive rates under the assumption of a gender ratio equivalent to 1.0 were 79.3% and 79.4% in the Havrix and Epaxal groups, respectively. Therefore, we can conclude that Havrix and Epaxal showed similar immunogenicity approximately 2 years after a single-dose vaccination.
We compared our current results with those obtained approximately 11 months after the vaccination, although the participants of the two studies were not identical. Among the 39 participants who dropped out from the study, 29 dropped out earlier than 11 months after the vaccination and nine dropped out later than 11 months after the vaccination. The female to male ratio was 5/24 (0.21) in the 29 early dropout participants and 2/7 (0.29) in the nine later dropout participants. The number of participants who dropped out after 11 months was relatively small, and the male to female ratios were similar in total participants evaluated at approximately 11 months and in those evaluated at 2 years after vaccination (0.50 and 0.51, respectively). Therefore, we think that the comparison of the results between the two time points is reasonable.
The interaction between gender and vaccine type previously observed approximately 11 months after vaccination was not observed approximately 2 years after a single-dose vaccination because the seropositive rate decreased substantially only in men vaccinated with Havrix, whereas the other 3 groups showed a minimal decrease in the seropositive rate. Therefore, even if higher immunogenicity with Havrix were consistently observed in men in the short term compared with Epaxal, vaccination of male adults with Havrix may have no advantage compared with Epaxal with respect to long-term immunogenicity. We found that a high level of seropositivity was maintained up to approximately 2 years among women participants in this study. Further studies are needed to assess whether the seropositivity can be maintained beyond 2 years after single-dose HAV vaccination, because if so, a single-dose strategy may be more cost-effective, particularly in women.
In our study, only women and the medium alcohol use group showed significantly higher seropositive rates approximately 2 years after a single-dose vaccination in the multivariable analysis. Although low HAV immunogenicity in men has been consistently found in previous studies [6, [9] [10] [11] [12] [13] [14] , the dependence of HAV immunogenicity on demographic characteristics including alcohol use has not been studied. The seropositive rates in the groups with no or low alcohol use were not significantly different from those with high and very high alcohol use, and only the medium alcohol use group showed a significantly higher seropositive rate. However, Fig 1. Change in the HAV seropositive rates from approximately 11 months to 2 years after vaccination. *Seropositive rates 11 months after a singledose HAV vaccination were cited from our previous study [2] .
further evaluation of the effect of alcohol use on HAV immunogenicity is needed because the participants had an extremely high level of alcohol use compared with Korean young adults and college students, and the sample size of this study was not large [15, 16] .
The age distribution of the 38 participants who dropped out was similar to that of the final 445 participants, although their female to male ratio (0.14) was lower than that of the final participants (0.51). Because men showed lower seropositivity, the seropositive rate of all participants would have been lower than the result obtained if all of the participants, including the 38 who did not complete the study, were followed up. However, we think that the effect of those 38 dropouts on the total seropositivity may be minimal because their proportion was only 7.9%. More importantly, we think the dropouts would not decrease the internal validity of the association between seropositivity and vaccine type or demographic characteristics, which is the main result of this study.
In summary, the seropositive rate was 77.0% vs. 74.9% approximately 2 years after a singledose vaccination with Havrix vs. Epaxal, respectively. Compared with the seropositive rate approximately 11 months after vaccination, only men vaccinated with Havrix showed a substantial decrease in the seropositive rate. Because the seropositive rate decreased by less than 3.0% 1 year after vaccination in all but the men vaccinated with Havrix, further studies are needed to assess whether these seropositive rates would be maintained in all groups more than 2 years after a single-dose HAV vaccination.
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